Introduction
Dermatomyositis (DM) is an autoimmune disease that mainly affects the skin and skeletal muscle. However, a rare form of DM with no accompanying muscle symptoms was designated as amyopathic DM (ADM) by Pearson 1 or Euwer and Sontheimerv. 2 While treatment-resistant interstitial lung disease (ILD) may complicate ADM and result in worse prognoses, [3] [4] [5] [6] [7] [8] the pathophysiology and clinical course of ADM-associated ILD remains unclear. Therefore, the goal of this study was to retrospectively analyze clinical data of patients with ADMassociated ILD in order to characterize the clinical features of such condition.
Methods

Patients and diagnostic criteria
This study was performed in accordance with the recommendations of the Helsinki Declaration of 1975, 9 and all investigational protocols were approved by the institutional review board for human studies of Shinshu University.
Eighteen patients with ADM complicated with ILD (5 males, 13 females), ranging in age from 25 to 71 years, were treated at the departments of respiratory medicine or collagen disease in Shinshu University Hospital from 1994 to 2006. Skin biopsies had been performed in all patients, and the pathological findings were consistent with a diagnosis of dermatomyositis. All patients met the diagnostic criteria of ADM as proposed by Euwer and Sontheimer. 2 All patients experienced pulmonary symptoms, including dry cough and shortness of breath, at some point during the course of their disease. Chest X-ray showed findings of ILD, according to the international multidisciplinary consensus classification of idiopathic interstitial pneumonias proposed by the American Thoracic Society and the European Respiratory Society, 10 in all patients. We diagnosed them as ADM-associated ILD based on their clinical course and medical history. We reviewed the patients' records with respect to clinical courses, physical examination, and results of laboratory studies, including serologic tests, bronchoalveolar lavage fluid (BALF) examination, pulmonary function tests, and thoracic computed tomography (CT) scanning. The specific treatments and outcomes of the patients were also reviewed.
Clinical assessments
Eighteen patients diagnosed with ILD associated with ADM were assigned to 1 of 2 groups: (1) a rapidly progressing group, which included patients who developed abnormal lung findings within 1 month of being diagnosed with ADM (n ¼ 9); or (2) a slowly progressing group, which including patients who developed lung findings greater than 1 month after diagnosis of ADM (n ¼ 9).
The following clinical parameters were compared between the groups: age; gender; skin symptoms; biochemical markers in peripheral blood including anti-Jo-1 antibody, creatine phosphokinase (CPK) and Krebs von den Lungen 6 (KL-6); arterial blood gas parameters; BALF findings; pulmonary function tests; thoracic high-resolution (HR) CT findings before treatment; treatments; and clinical course. Standard laboratory methods were used for the biochemical laboratory tests and blood gas analysis. Hematoxylin-eosin staining was used for cellular examination of BALF.
Statistical analysis
Continuous data are expressed as mean7standard error of the mean (SEM), and categorical data are expressed as positive ''+'' or negative ''À''. The unpaired Student's t-test was used to analyze continuous variables, and the w 2 test was used to analyze categorical data. A Po0.05 was regarded as statistically significant.
Results
Clinical course of the rapidly and slowly progressing groups
As shown in Table 1 , the 9 patients in the rapidly progressing group consisted of 4 males and 5 females (mean age 50.4 years). By contrast, the 9 patients in the slowly progressing group consisted of 1 male and 8 females (mean age, 44.9 years). The mean age was not significantly different when comparing the 2 groups.
The mean interval between the onset of respiratory symptoms, such as dry cough and shortness of breath, and the diagnosis of ADM was 1672 days (range, 9-25 days) in the rapidly progressing group and 128743 days (range, 45-210 days) in the slowly progressing group (Table 1 ).
Skin manifestations
The Gottron's sign was observed in all patients ( Table 1) . Seven of the 9 patients in both groups were positive for heliotrope rash. Furthermore, skin ulcers were observed in 7 of 9 patients (77.8%) in the rapidly progressing group, while they were observed in only 3 of 9 patients (33.3%) in the slowly progressing group.
Laboratory examinations
Anti-Jo-1 antibody titers were negative in all 18 patients ( Table 1 ). The rapidly progressing group was characterized by significantly increased levels of CPK and C-reactive protein (CRP) when compared with the slowly progressing group ( Table 2, Results of arterial blood gas analysis at admission are summarized in Table 2 . Since some patients had received oxygen at their previous medical facilities due to respiratory failure, the ratio of PaO 2 to F I O 2 (PaO 2 /F I O 2 ) was used as a measure of hypoxemia. The rapidly progressing group had a significantly higher arterial pH (7.46470.011) and lower PaO 2 /F I O 2 (252.8725.3 Torr) on admission when compared with the slowly progressing group (7.41870.011; P ¼ 0.0096, 359.4714.2 Torr; P ¼ 0.0020, respectively).
Although there was no significant difference in the BALF findings when comparing the 2 groups, the percentage of neutrophils was higher and the percentage of lymphocytes was lower in the rapidly progressing group than in the slowly progressing group (Table 2) .
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Pulmonary function testing
The rapidly progressing group was characterized by a significantly increased percentage of predicted residual volume (%RV) when compared with the slowly progressing group ( 
Thoracic HRCT findings
As shown in Table 1 , traction bronchiectasis was noted in 4 of 9 patients (44.4%) of the rapidly progressing group, but in none of the patients of the slowly progressing group. Ground glass opacity, subpleural curvilinear shadows and consolidation around the bronchovascular bundles were seen in all patients of both groups. Honeycomb change was noted in only 1 case of the slowly progressing group and in none of the patients of the rapidly progressing group. A representative thoracic HRCT image obtained from a patient of the rapidly progressing group is presented in Fig. 1 .
Treatment and outcomes
In the rapidly progressing group, corticosteroid was given with cyclosporine A (CsA) to all patients with the exception of 1 patient who experienced respiratory failure and died soon after the onset of pulmonary symptoms (patient 8, Table 1 ). Since ILD activity could not be completely suppressed by corticosteroid and CsA, 4 of the 9 rapidly progressing patients also received intravenous high-dose immunoglobulin (IVIG) (patients 2, 3, and 5) and/or plasma exchange (PE) (patients 3 and 9) and cyclophosphamide (CPA) treatment (patient 5). However, only 4 of these 9 rapidly progressing patients (44.4%) survived, and the remainder died due to respiratory failure within 1 month after the diagnosis of ILD.
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In the slowly progressing group, corticosteroid therapy was used in 8 patients, and CsA was sequentially administered to 5 of these 8 patients (Table 1 ). Patient 10 received CPA instead of CsA because of a history of an allergic reaction to CsA. Another patient (patient 11) was followed without treatment, since her pulmonary symptoms developed much later and her mild fibrosis was stable on serial chest X-rays. All patients in the slowly progressing group survived.
In patients treated with CsA, the daily dose was initiated at 5 mg/kg/day and then carefully adjusted in order to keep the plasma trough concentration between 100 and 150 ng/ml. When the trough concentration either exceeded 200 ng/ml or was between 150 and 200 ng/ml on 2 successive occasions, the daily dose was reduced by 50 mg at a time. No CsA-related adverse effects were seen in any of these patients during treatment.
Discussion
ADM is a rare form of dermatomyositis that typically manifests with characteristic cutaneous lesions without muscle involvement. 1, 2 In general, lung involvement is uncommon, and the prognosis is favorable. 2, 11, 12 However, recent reports have described several cases of fatal ILD associated with ADM. [3] [4] [5] [6] [7] [8] In the present study, the mortality rate of ADM complicated with ILD was 27.8% (5 of the 18 patients), indicating that ILD is an important prognostic factor for patients with ADM. In the rapidly progressing group, cutaneous rashes and respiratory symptoms appeared almost simultaneously (1672 days), and 4 of the 9 patients died due to respiratory failure within 1 month after the diagnosis of ILD. These data suggest that rapid diagnosis and initiation of treatment is critical in patients with rapidly progressing disease and that differentiation of the disease state based on the temporal course of pulmonary involvement is a clinical relevant characterization.
The progression of systemic stress and inflammation might result in the significant increases of serum CPK and CRP in the rapidly progressing group. The elevated BALF neutrophil level in the rapidly progressing patients may be a reflection of acute inflammatory destruction of the lung tissues and have been shown to be associated with treatment resistance and poor prognosis. 13 The abnormal values of %VC, %RV and %DL CO in pulmonary function examination also suggest advanced lung involvement in this group. By contrast, the elevation in BALF lymphocyte counts in the slowly progressing patients may be a reflection of chronic inflammatory changes that correlate with a relatively stable clinical course. 14 To summarize, these data suggest that elevated CRP and pulmonary function test abnormalities, such as decreases in VC and DL CO or an increase in RV, correlate with the severity of the ILD associated with ADM.
Ground glass opacity, subpleural curvilinear shadow, and consolidation around bronchovascular bundles are common findings of ILD associated with dermatomyositis/polymyositis. 15, 16 In the present study, the frequency of traction bronchiectasis was high (44.4%) in the rapidly progressing group, while no traction bronchiectasis was observed in the slowly progressing group. Therefore, the presence of traction bronchiectasis on thoracic CT may be a prognostic factor in patients with ADM and ILD. This is consistent with a previous report, in which traction bronchiectasis was more frequent in non-survivors with acute interstitial pneumonia than in survivors. 17 Likewise, another report on cryptogenic fibrosing alveolitis demonstrated that severe traction bronchiectasis was associated with more extensive disease and physiological impairments than cryptogenic fibrosing alveolitis with no or mild traction bronchiectasis. 18 However, it is difficult to distinguish rapidly progressing group from slowly progressing group using HRCT findings other than traction bronchiectasis. Therefore, a combination of appropriate lung investigations is likely required for the early diagnosis of ILD.
Impairments in the immune response may contribute to the pathogenesis of ADM. Indeed, the number of CD4positive T cells in the peripheral blood is increased in patients with ADM, and clonal expansion of Th1 cells in the skin and affected visceral organs, including the lung, may occur in affected patients. 19 In the present study, most patients with ADM-associated ILD were treated with oral CsA immunomodulatory therapy along with corticosteroid, since this treatment strongly and reversibly suppresses T-cell activity. Another advantage of CsA is that the therapeutic effects appear within 1 month, whereas the effects of other immunosuppressive agents usually require at least 2-3 months. 20, 21 Several studies have reported that CsA has a good therapeutic effect in patients with ADM-associated ILD. Four of the 5 patients with ADM-associated ILD resistant to corticosteroid therapy, including 3 rapidly progressing patients, showed improvement following the additional administration of CsA. 22 Our previous case report also clearly demonstrated the efficacy of sequential treatment of CsA with corticosteroid. 23 In the present study, 9 of the 13 Figure 1 High-resolution CT scanning in patient no. 4 of the rapidly progressing group. Traction bronchiectasis (TB) and consolidation around bronchovascular bundles (CABB) is present in the dorsal subpleural area. patients (69.2%) showed improvement following the combination therapy of corticosteroid and CsA. In particular, all survivors in the rapidly progressing group received corticosteroid and CsA and no serious complications ascribable to CsA were observed during treatment. These data suggest that CsA is an important therapeutic option for this condition, and early initiation of treatment including CsA may result in better outcomes in rapidly progressing patients.
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In summary, the clinical course of ILD associated with ADM can be distinguished by the time interval to the development of pulmonary symptoms. Specifically, patients with a pulmonary involvement interval shorter than 1 month are likely to experience rapid destructive damage to both lungs and have a poor prognosis. Characterization of biochemical markers, such as CRP in serum, detection of severe hypoxemia and traction bronchiectasis may also be predictors of rapid progression and poor prognosis. Patients with rapid lung involvement should undergo intensive treatment, such as concurrent corticosteroid and CsA treatment, as soon as possible in order to promote favorable outcomes. Further studies with larger patient populations are required to confirm results from the present study.
